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DETAILED ACTION 

This Office Action is in response to the Application filed on 09/15/2003. 
Specifically, this Office Action is in response to the following documents: 

1. Specification received on: 09/15/2003. 

2. Drawings received on: 09/15/2003. 

3. Claims received on: 09/15/2003. 



Claim Objections 

Claims 10 and 19 are objected to under 37 CFR 1 .75(c), as being of 
improper dependent form for failing to further limit the subject matter of a 
previous claim. 

Applicant is required to cancel the claim, or amend the claim to place the 
claim in proper dependent form, or rewrite the claim in independent form. 



Claim Rejections - 35 USC § 101 

35 U.S.C 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a patent therefor, 
subject to the conditions and requirements of this title. 
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Claims 20 through 27 are rejected under 35 U.S.C. 101 because the 
claimed invention in the said claims fail to include transformation from one 
physical state to another. Merely going thru the steps as claimed would not 
appear to be sufficient to constitute a tangible result. As such, the subject 
matter of the claims is not patent eligible. Also, the computer code does not 
belong to any of the four statutory catalogs of 35 U.S.C. 101 . 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraph of 35 U.S.C. 102 that forms 
the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), 
by another filed in the United States before the invention by the applicant for patent or (2) a 
patent granted on an application for patent by another filed in the United States before the 
invention by the applicant for patent, except that an international application filed under the treaty 
defined in section 351(a) shall have the effects for purposes of this subsection of an application 
filed in the United States only if the international application designated the United States and 
was published under Article 21(2) of such treaty in the English language. 

Claims 1, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 16, 17, 18, 28, 30, 31, 32, 33, 34 

and 35 are rejected under U S C. 102 (e) as being unpatentable 
over Balasubramanian et al. (US 2004/0017575, FILING-DATE: 
03/25/2003). 
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Claim 1: A method of selecting a hypothetical profile to model the 
profile of a structure formed on a semiconductor wafer to use in 
determining the profile of the structure using optical metrology, 
the method comprising: 

(a) : obtaining sample diffraction signals from measured diffraction signals 
of structures formed on the wafer, wherein the sample diffraction signals 
are a representative sampling of the measured diffraction signals; 

(b) : defining a hypothetical profile to model profiles of the structures formed 
on the wafer; 

and 

(c) : evaluating the hypothetical profile using a sample diffraction signal 
from the obtained sample diffraction signals. 

In regards to Claim 1, Balasubramanian et al. disclose: 

A profile model for use in optical metrology and a modeling process 

(method): Abstract; lines 1-8. 

(a): an optical metrology system is used to measure diffraction signals off 
structures patterned on a wafer: [0044]; lines 1- 3 and Figure!. A set of 
diffraction signals are selected from the input measured diffraction signals: 
[0067]; lines 1- 3, lines 6- 10 and Figure 3. 
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(b) : a hypothetical profile used to approximate 

the actual profile: [0055]; lines 1- 3 and Figures 9A, 9B and 9C. 

(c) : a hypothetical profile from library 54 is evaluated against measured 
diffraction beam data 57: [0067]; lines 1-3 and lines 16-19. 

Claim 4: The method of claim 1 , wherein defining a hypothetical profile 
comprises: characterizing the hypothetical profile using two or more 
parameters. 

In regards to Claim 4, Balasubramanian et al. disclose: 

The method and the impact of the number of parameters used in the 

hypothetical profile: [0054]; lines 1-23 and [0055]; lines 1-5. 

Claim 5: The method of claim 1 , wherein evaluating the hypothetical 
profile comprises: 

(a) : accessing a sample diffraction signal from the obtained sample 
diffraction signals; 

(b) : determining a simulated diffraction signal corresponding to the sample 
diffraction signal; 

(c) : determining a goodness of fit between the sample diffraction signal 
and the simulated diffraction signal; and 
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(d): modifying the hypothetical profile when the goodness of fit does not 

meet a goodness of fit criterion. 

In regards to Claim 5, Balasubramanian et al. disclose: 

(a) : obtain measured diffraction signals off several sites in the wafer: 
[0067]; lines 1-3 and [0067]; lines 16-19. 

(b) : for each measured signal perform the procedure to determine the 
corresponding optimized simulated signal: [0098]; lines 1-4 and Figure 7. 

(c) : the Goodness Of Fit (GOF) is used as the termination criterion in the 
process of matching the measured signal to a simulated signal: [0069]; 
lines 1-5 and step 460 in Figure 3. 

(d) : continuing with step 470 in Figure 3, if the data gathering criterion is 
not met then the profile model (hypothetical profile) is adjusted accordingly: 
[0070]; lines 1-6. 

Claim 6: The method of claim 5, wherein steps (a), (b), (c), and (d) are 

repeated for each of the sample diffraction signals. 

In regards to Claim 6, Balasubramanian et al. disclose: 

Perform a procedure to determine the optimized simulated signal for each 

measured signal: [0098]; lines 1-18 and Figures 6A and 7. 

The said disclosed procedure would inherently use steps (a), (b), (c) and 
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(d) for each of the selected diffraction signals. 

Claim 7: The method of claim 5, wherein the sample diffraction signal 
accessed in step (a) is closest to a center of a range of sample diffraction 
signals. 

In regards to Claim 7, Balasubramanian et al. disclose: 
Representatives of each cluster or group of highly correlated measured 
diffraction signals are selected for use in the model and parameter 
selection processing: [0067]; lines 16-19. 

(Note: the data mining/reduction process (clustering) which is claimed by 
the applicants in Claim 2 and shown by Balasubramanian et al. ( refer to 
corresponding prosecution in element (b) of Claim 2) produces clusters or 
groups/ranges of correlated measured diffraction signals. The center of 
each cluster (group or range) and the data points (measurements) closest 
to the center are inherently the best candidates (highly correlated) for 
modeling and parameter selection. 

In clustering methods for data mining/reduction, the center of the cluster 
which is called the centroid is considered as the center of gravity tor the 
respective cluster). 
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The best candidates (highly correlated) will inherently fall at center of the 
range. 

Claim 8: The method of claim 1, wherein evaluating the hypothetical profile 
comprises: 

(a) : obtaining a sample diffraction signal; 

(b) : determining a simulated diffraction signal corresponding to the sample 
diffraction 

(c) : determining a global minimum error; and 

(d) : modifying the hypothetical profile when the global minimum error 
exceeds a global minimum error criterion. 

In regards to Claim 8, Balasubramanian et al. disclose: 

(a) : obtaining measured diffraction signals from several sites off the wafer 
and using a template to make a selection from the said diffraction signals: 
[0096]; lines 7-13. 

(b) : for each measured signal perform the procedure to determine the 
corresponding optimized simulated signal: [0098]; lines 1-4 and Figure 7. 

(c) : various optimization engines are used to arrive at a global minimum 
error (difference) between simulated signal and the measured signal: 
[0095]; lines 1-15 and Figure 7. 
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(d): If the termination criterion (error) is not met then the profile model 
(hypothetical profile) is adjusted as part of the process to minimize the 
error: [0098]; lines 11-18. 

Claim 9: The method of claim 8, wherein steps (a), (b), (c), and (d) are 
repeated for each of the sample diffraction signals. 
In regards to Claim 9, Balasubramanian et al. disclose: 
a procedure is performed to determine the optimized simulated signal for 
each measured signal: Perform a procedure to determine the optimized 
simulated signal for each measured signal: [0098]; lines 1-18 and Figures 
6A and 7. The said disclosed procedure would inherently use steps (a), (b), 
(c) and (d) for each of the selected diffraction signals. 

Claim 11: The method of claim 1, further comprising: 

(a) : determining sensitivity for one or more parameters that characterize 
the hypothetical profile; and 

(b) : modifying the hypothetical profile when the determined sensitivity is 
not acceptable or does not meet a sensitivity criterion. 

In regards to Claim 11, Balasubramanian et al. disclose: 
(a): sensitivity of a profile parameter: [0052]; lines 1-4. 
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(b): a sensitivity cutoff may be adjusted in the process of modifying the 
model: [0060]; lines 1-8 and Figure 2. 

Claim 12: The method of claim 1 , further comprising: 

(a) : generating one or more mini-libraries based on the obtained sample 
diffraction signals, wherein a mini-library is smaller in size than a full library 
to be generated; 

(b) : processing test diffraction signals using the one or more mini-libraries; 
and 

(c) : estimating an averaged error and precision based on results of 
processing the test diffraction signals. 

In regards to Claim 12, Balasubramanian et al. disclose: 

(a): a library of calculated (simulated) diffraction beam data (signals) 

representing varying combinations of critical dimensions of target structure 

and resolution of the critical dimensions. (The said library would inherently 

contain a broad range of data necessary to build a full library): 

[0044]; lines 10-15 and Figure 1. Profile models (hypothetical profiles) of 

varying complexities which are used to build the full library are disclosed in 

[0054]; lines 1-23. Sub-templates, which would inherently generate subsets 
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(mini-libraries) from the full library are disclosed in [01 10]; lines 1-18. 

(b) : process simulated (test) diffraction signals from one or more sub- 
templates (mini-libraries): [0109]; lines 2-4 and [0110]; lines 11-18. 

(c) : the library optimization process includes determining 

two parameters an average error and a precision based on measured 
diffraction signals and simulated diffraction signals and their corresponding 
profiles respectively: 

Average error: the average value of one parameter or set of 
parameters are used as a target (average error): [0085]; lines 1-14 and 
[0086]; lines 1-3. 

Precision: (Precision is the second data criterion selected by the 
Applicants. Applicants' disclosure define an example of a precision 
criterion as the 3-times the standard deviation of a set of measured 
diffraction signals. ( Note: the said precision criterion is commonly used in 
statistical quality control )). 

Balasubramanian et al. also disclose a second data gathering criterion 
precision: the 3-sigma (standard deviation) of measured diffraction signals 
for the same site in the wafer: [0065]; lines 9-12. 



Claim 13: The method of claim 12, further comprising: 
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(a) : determining if the estimated averaged error and precision are 
acceptable; 

and 

(b) : generating the full library when the estimated averaged error and 
precision are determined to be acceptable. 

In regards to Claim 13, Balasubramanian et al. disclose: 

(a) : a test is performed to see if one or more data gathering 
criteria (average error and precision: see references and background 
material for Claim 12) are met: [0069]; lines 1-2 and Figure 3. 

(b) : if the data criteria are met then a library of simulated diffraction signals 
and associated profile data is created: [0062]; lines 1-5 and [0063]; lines 2- 
5. The size of the library, full or mini, is inherently dependent on a broad 
category template [01 10]; line 7 or a sub-template [01 10]; line 1 1 
respectively. 

Claim 14: The method of claim 13, wherein determining if the 
estimated averaged error and precision are acceptable comprises: 
providing the estimated averaged error and precision to a user. 
In regards to Claim 14, Balasubramanian et al. disclose: 
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The involvement of user(s) in the process of creating profile models and 
libraries: [0061]; lines 1-10 and [0099]; lines 10-14. 

Claim 16: The method of claim 13, further comprising: 

(a) : processing test diffraction signals using the generated full library; and 

(b) : estimating an averaged error and precision for the full library based on 
results of processing the test diffraction signals. 

In regards to Claim 16, Balasubramanian et al. disclose: 

(a) : a library of calculated (simulated) diffraction beam data (signals) 
representing varying combinations of critical dimensions of target structure 
and resolution of the critical dimensions. (The said library would inherently 
contain a broad range of data necessary to build a full library ): [0044]: 
lines 12-15 and Figure 1. Profile models (hypothetical profiles) of varying 
complexities which are used to build the full library are disclosed in [0054]; 
lines 1-23. Sub-templates, which would inherently generate subsets (mini- 
libraries) from the full library are shown in [0110]; lines 1-18. 
Application server process the measured diffraction signals and the library 
of calculated (simulated) diffraction signals: [0044]; lines 9-15. 

(b) : the library optimization process includes determining 

two parameters an average error and a precision based on measured 
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diffraction signals and simulated diffraction signals and their corresponding 
profiles respectively: 

Average error: the average value of one parameter or set of 
parameters are used as a target (average error): [0085]; lines 1-14 and 
[0086]; lines 1-3. 

Precision: (Precision is the second data criterion selected by the 
Applicants. Applicants' disclosure define an example of a precision 
criterion as the 3-times the standard deviation of a set of measured 
diffraction signals. ( Note: the said precision criterion is commonly used in 
statistical quality control )). 

Balasubramanian et al. also disclose a second data gathering criterion 
precision: the 3-sigma (standard deviation) of measured diffraction signals 
for the same site in the wafer: [0065]; lines 9-12. 

Claim 17: The method of claim 13, further comprising: 

Altering the average and/or resolution of one or more parameters that 

characterize the hypothetical profile when the estimated averaged error 

and precision are not acceptable. 

In regards to Claim 17, Balasubramanian et al. disclose: 
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a profile model based on a template having one or more parameters 
including characteristics of process and modeling attributes associated with 
the structure of the wafer. The profile model includes a set of geometric 
parameters associated with the dimensions of the structure. The generated 
profile model may further be tested against termination criteria (optimization 
criteria) and one more parameters modified as shown in the Abstract and 
the following specific criteria: 

Average error: the average value of one parameter or set of 
parameters are used as a target (average error): [0085]; lines 1-14 and 
[0086]; lines 1-3. 

Precision: (Precision is the second data criterion selected by the 
Applicants. Applicants' disclosure define an example of a precision 
criterion as the 3-times the standard deviation of a set of measured 
diffraction signals. ( Note: the said precision criterion is commonly used in 
statistical quality control )). 

Balasubramanian et al. also disclose a second data-gathering criterion 
precision: the 3-sigma (standard deviation) of measured diffraction signals 
for the same site in the wafer: [0065]; lines 9-12. 
In step 460 of Figure 3 a test is performed to see if one or more data 
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gathering criteria are met: [0069]; lines 1-2. This test will inherently include 
the average error and precision. 

If the data gathering criteria are not met then additional characterization 
data is obtained or data gathering criteria are adjusted in step 470 and 
Figure 3: [0070]; lines 4-6. 

Claim 18: The method of claim 1, further comprising: 
determining a measurement die pattern based on the sample 
diffraction signals, wherein each location in the measurement die pattern 
corresponds to each location on the wafer from which the sample 
diffraction signals were obtained. 
In regards to Claim 18, Balasubramanian et al. disclose: 
Selecting representatives of each cluster or highly correlated measured 
diffraction signals are identified and selected off the wafer: [0067]; lines 16- 
19. This process will inherently identify a specific measurement die pattern 
off the wafer. 

Claim 28: A system to select a hypothetical profile to model the profile of a 
structure formed on a semiconductor wafer to use in determining the profile 
of the structure using optical metrology, the system comprising: 
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(a) : a photometric device configured to obtain measured diffraction signals 
from structures formed on the wafer; and 

(b) : a processing module configured to: 

obtain sample diffraction signals from the measured diffraction signals, 
wherein the sample diffraction signals are a representative sampling of the 
measured diffraction signals; 
and 

(c) : evaluate a hypothetical profile using a sample diffraction signal from 
the obtained sample diffraction signals. 

In regards to Claim 28, Balasubramanian et al. disclose: 

(a) : Figure 1 shows a photometric device to measure diffraction signals off 
structures patterned on a wafer: [0044]; lines 1-9. 

(b) : The measured diffraction signals are transmitted to a profile 
application server 53: [0044]; lines 9-10 and Figure 1. In Figure 3 and step 
440, a selection of representative diffraction signals take place: [0067]; 
lines 6-12. 

(c) : [0067]; lines 16-19. Figure 3 describes the steps of selecting, 
evaluating the structure model (hypothetical profile). 

Claim 30: The system of claim 28, wherein the processing module is 
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configured to evaluate the hypothetical profile by: 

(a) : accessing a sample diffraction signal from the obtained sample 
diffraction signals; 

(b) :. determining a simulated diffraction signal corresponding to the 
sample diffraction signal; 

(c) : determining a goodness of fit between the sample diffraction signal 
and the simulated diffraction signal; and 

(d) : modifying the hypothetical profile when the goodness of fit does not 
meet a goodness of fit criterion. 

In regards to Claim 30, Balasubramanian et al. disclose: 

(a) : obtain measured diffraction signals off several sites in the wafer: 
[0096]; lines 7-9 and the input data may be transmitted to a template 
selector: [0096]; lines 9-13 and Figure 20. 

(b) : for each measured signal perform the procedure to determine the 
corresponding optimized simulated signal: [0098]; lines 1-4 and Figure 7. 

(c) : the Goodness Of Fit (GOF) is used as the termination criterion in the 
process of matching the measured signal to a simulated signal: [0069]; 
lines 1-5 and step 460 in Figure 3. 

(d) : continuing with step 470 in Figure 3, if the termination criterion (data 
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selection criterion) is not met then the profile model (hypothetical profile) is 
adjusted accordingly: [0070]; lines 4-6. 

Claim 31: The system of claim 28, wherein the processing module is 
configured to evaluate the hypothetical profile by: 

(a) : accessing a sample diffraction signal from the obtained sample 
diffraction signals; 

(b) : determining a simulated diffraction signal corresponding to the sample 
diffraction signal; 

(c) : determining a global minimum error; and 

(d) : modifying the hypothetical profile when the global minimum error 
exceeds a global minimum error criterion. 

In regards to Claim 31, Balasubramanian et al. disclose: 

A profile application server 53 in Figure 1 process the measured diffraction 

signals against a library 54 of calculated diffraction signals: [0044]; lines 9- 

13. 

(a): obtaining measured diffraction signals from several sites off the wafer 
and using a template to make a selection from the said diffraction signals: 
[0096]; lines 7-13. 
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(b) : for each measured signal perform the procedure to determine the 
corresponding optimized simulated signal: [0098]; lines 1-4 and Figure 7. 

(c) : various optimization engines are used to arrive at a global minimum 
error (difference) between simulated signal and the measured signal: 
[0095]; lines 1-15 and Figure 7. 

(d) : If the termination criterion (error) is not met then the profile model 
(hypothetical profile) is adjusted as part of the process to minimize the 
error: [0098]; lines 11-18. 

Claim 32: The system of claim 28, wherein the processing module is 

further configured to determine sensitivity for one or more parameters that 

characterize the hypothetical profile. 

In regards to Claim 32, Balasubramanian et al. disclose: 

A profile application server 53 in Figure 1 , process the measured diffraction 

signals against a library 54 of calculated diffraction signals: [0044]; lines 9- 

15. 

The sensitivity of the parameters associated with the profile model 
(hypothetical profile) is determined: [0090]; lines 1-14 and step 840 in 
Figure 5. 
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Claim 33: The system of claim 28, wherein the processing module is 
further configured to: 

(a) : generate one or more mini-libraries based on the obtained sample 
diffraction signals, wherein a mini-library is smaller in size than a full library 
to be generated; 

(b) : process test diffraction signals using the one or more mini-libraries; 
and 

(c) : estimating an averaged error and precision based on results of 
processing the test diffraction signals. 

In regards to Claim 33, Balasubramanian et al. disclose: 

A profile application server 53 in Figure 1 process the measured diffraction 

signals against a library 54 of calculated diffraction signals: [0044]; lines 9- 

13. 

(a): a library of calculated (simulated) diffraction beam data (signals) 
representing varying combinations of critical dimensions of target structure 
and resolution of the critical dimensions. (The said library would inherently 
contain a broad range of data necessary to build a full library): 
[0044]; lines 10-15 and Figure 1. Profile models (hypothetical profiles) of 
varying complexities which are used to build the full library are disclosed in 
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[0054]; lines 1-23. Sub-templates, which would inherently generate subsets 
(mini-libraries) from the full library are disclosed in [0110]; lines 1-18. 

(b) : process simulated (test) diffraction signals from one or more sub- 
templates (mini-libraries): [0110]; lines 11-18. 

(c) : the library optimization process includes determining 

two parameters an average error and a precision based on measured 
diffraction signals and simulated diffraction signals and their corresponding 
profiles respectively: 

Average error: the average value of one parameter or set of 
parameters are used as a target (average error): [0085]; lines 1-14 and 
[0086]; lines 1-3. 

Precision: (Precision is the second data criterion selected by the 
Applicants. Applicants' disclosure define an example of a precision 
criterion as the 3-times the standard deviation of a set of measured 
diffraction signals. (Note: the said precision criterion is commonly used in 
statistical quality control )). 

Balasubramanian et al. also disclose a second data gathering criterion 
precision: the 3-sigma (standard deviation) of measured diffraction signals 
for the same site in the wafer: [0065]; lines 9-12. 
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Claim 34: The system of claim 33, wherein the processing module is 
further configured to: 

(a) : generate a full library when the estimated averaged 
error and precision are acceptable; 

(b) : alter the range and/or resolution of one or more parameters that 
characterize the hypothetical profile when the estimated averaged error 
and precision are not acceptable. 

In regards to Claim 34, Balasubramanian et al. disclose: 

(a) : if the data criteria are met then a library of simulated diffraction signals 
and associated profile data is created: [0062]; lines 1-5 and [0063]; lines 2- 
5. The size of the library, full or mini, is inherently dependent on a broad 
category template [01 10]; line 7 or a sub-template [01 10]; line 1 1 
respectively. 

(b) : a profile model based on a template having one or more parameters 
including characteristics of process and modeling attributes associated with 
the structure of the wafer. The profile model includes a set of geometric 
parameters associated with the dimensions of the structure. The generated 
profile model may further be tested against termination criteria (optimization 
criteria) and one more parameters modified as shown in the Abstract and 
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the following specific criteria: 

Average error: the average value of one parameter or set of 
parameters are used as a target (average error): [0085]; lines 1-14 and 
[0086]; lines 1-3. 

Precision: (Precision is the second data criterion selected by the 
Applicants. Applicants' disclosure define an example of a precision 
criterion as the 3-times the standard deviation of a set of measured 
diffraction signals. ( Note: the said precision criterion is commonly used in 
statistical quality control )). 

Balasubramanian et al. also disclose a second data-gathering criterion 
precision: the 3-sigma (standard deviation) of measured diffraction signals 
for the same site in the wafer: [0065]; lines 9-12. 
In step 460 of Figure 3 a test is performed to see if one or more data 
gathering criteria are met: [0069]; lines 1-2. This test will inherently include 
the average error and precision. 

If the data gathering criteria are not met then additional characterization 
data is obtained or data gathering criteria are adjusted in step 470 and 
Figure 3: [0070]; lines 4-6. 



V 
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Claim 35: The system of claim 28, wherein the processing module is 
further configured to: 

determine a measurement die pattern based on the sample diffraction 
signals, wherein each location in the measurement die pattern corresponds 
to each location on the wafer from which the sample diffraction signals 
were obtained. 

In regards to Claim 35, Balasubramanian et al. disclose: 
Selecting representatives of each cluster or highly correlated measured 
diffraction signals are identified and selected off the wafer: [0067]; lines 16- 
19. This process will inherently identify a specific measurement die pattern 
off the wafer. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 
set forth in section 102 of this title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious 
at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention 
was made. 
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Claim 2: The method of claim 1, wherein obtaining sample diffraction 
signals comprises: 

(a) : obtaining measured diffraction signals, wherein the measured 
diffraction signals are obtained from a plurality of locations on the wafer; 

(b) : determining a sample index, wherein the sample index corresponds 
to a number and a spacing of the sample diffraction signals; 

(c) : determining a cost distribution associated with the determined sample 
index; and 

(d) : adjusting the sample index when the determined cost distribution 
does not meet a cost criterion. 

Claim 2 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Balasubramanian et al. (US 2004/0017575, FILING-DATE: 03/25/2003) in 
view of Doddi et al. (US 6,591 ,405 FILING-DATE: 1 1/28/2000). 
In regards to Claim 2, Balasubramanian et al. teach: 

(a) : obtaining measured diffraction signals from several sites off the wafer 
and using a template to make a selection from the said diffraction signals: 
[0096]; lines 7-13. 

(b) : (Note: with Claim 2(b), applicants claim a sample index which is part of 
the first step of data mining technique based on clustering and/or 
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correlation). 

More specifically, the applicants' sample index is based on clustering by 
partitioning which is a data mining technique where the sample diffraction 
signals are further arranged (partitioned) based on a number of diffraction 
signals and their spacing ). 

Balasubramanian et al. teach a data mining technique based on 
clustering and correlation: [0067]; lines 6-12 and Figure 3. Continuing, 
representatives of each cluster or group of highly correlated measured 
diffraction signals are identified and selected for use in the profile model 
(hypothetical profile) building process: [0067]; lines 16-19. 
(Note: Clustering is inherently involving grouping data points (measured 
diffraction signals in our case) based on the number and spacing among 
them. The spacing is defined as the geometric distance in the 
multidimensional space, that is, the Euclidean distance. An optimization 
joining algorithm (grouping rule) is then used to group the data points 
together in a cluster based on a criterion set a priori). 
In element (b) Balasubramanian et al. lack to define a sample index 
associated with number and spacing of the sample diffraction signals. 
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Doddi et al. teach a clustering method and optimization algorithm that uses 
an integer value K associated with the number of data points (measured 
diffraction values) which have been grouped in clusters and the spacing of 
the data points: column 9; lines 4-10 and column 10; lines 8-60. 
Since both Balasubramanian et al. and Doddi et al. teach a 
selection/reduction technique based on clustering, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made 
to have used the integer value K of Doddi et al. which is equivalent to the 
sample index of the Applicants, in Balasubramanian et al. with the 
motivation to be used in the optimization process of selecting the minimum 
number of measured diffraction signals that would be sufficient to build the 
library of the hypothetical profiles and their corresponding simulated 
diffraction signals with a target error (variably set) depending on specific 
requirements. 
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(c) : Balasubramanian et al. further teach: the cost function as the data 
mining (selection) and the cost value associated with the cost function as 
the criterion to test whether sufficient data about the structure is available 
to perform the model and parameter selection in [0065]; lines 1-18 and the 
associated iterative process shown in Figure 3. Since the cost function is a 
'density function, it (the density function) is inherently related to its 
distribution function. 

(Note: The cost function is used to estimate the posterior probability density 
function of the unknown variables of a model. The cost function is 
the misfit (corresponding to an error) between the approximation and the 
actual posterior. The goal is to make the error zero (ideal case) but in 
practice, to lower the error to an acceptable value depending on the 
application the accuracy and the speed required for processing the data. 
The above acceptable value of the cost function is the applicants' cost 
criterion ). 

(d) : Balasubramanian et al. further teach: the data gathering criterion (cost 
function value) may be adjusted if found to be set incorrect: [0070]; lines 1- 
18 and steps 470 and 480 in Figure 3. 

Claim 3: The method of claim 2, wherein the cost criterion is a percentage 
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change in the cost distribution or a fixed quantity. 

In regards to Claim 3, Balasubramanian et al. teach: 

a value (cost criterion) for the cost function to be used as a data 

gathering criterion: [0065]; lines 4-5 and or a percentage change can be 

assigned to the cost criterion [0069]; lines 11-13. 

Claim 15: The method of claim 13, wherein determining if the estimated 
averaged error and precision are acceptable comprises: 
determining if the estimated averaged error and precision meet an error 
and precision criterion, wherein the precision criterion is approximately one 
order of magnitude less than the error associated with a photometric device 
to be used with the full library. 

Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Balasubramanian et al. (US 2004/0017575, FILING-DATE: 03/25/2003), in 
in view of Niu et al. (US 6,943,900, FILING-DATE: 07/16/2001, ISSUE- 
DATE: 09/13/2005) 

In regards to Claim 15, Balasubramanian et al. teach both: 

a library of calculated (simulated) diffraction beam data (signals) 

representing varying combinations of critical dimensions of target structure 
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and resolution of the critical dimensions. (The said library would inherently 

contain a broad range of data necessary to build a full library ): 

[0044]; lines 12-15 and Figure 1. Profile models (hypothetical profiles) of 

varying complexities which are used to build the full library are shown in 

[0054]; lines 1-23. 

and 

a test is performed to see if data gathering criteria are met: [0069]; lines 1-5 
and Figure 3. 

Balasubramanian et al. lack : 

wherein the precision criterion is approximately one order of magnitude 
less than the error associated with a photometric device to be used with the 
full library. 

Niu et al. et al. teach: 

to use a resolution (precision) which is finer (higher) compared to the 
resolution (precision) of the instrumentation used to measure the 
diffraction signals as a guide in the process of selection of the target 
resolution (precision) for the library of profiles and their corresponding 
simulated diffraction signals: column 15: lines 30-65 and Figures 9 and 10. 
Since both Balasubramanian et al. and Niu et al. et al. teach the option to 
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generate full libraries and selecting target library resolutions, it would have 
been obvious to one of ordinary skill in the art to modify Balasubramanian 
et al. application to use a target resolution better than the one of the 
measuring optical instrumentation, as taught by Niu et al. with the 
motivation to have a full range of hypothetical models and resolutions being 
generated once and then subsets of the same library to be used to run mini 
libraries as needed for specific manufacturing windows and precision and 
accuracy requirements in order to decrease the processing time as 
needed. 

Claim 29: The system of claim 28, wherein the processing module is 
configured to obtain sample diffraction signals by: 

(a) : determining a sample index, wherein the sample index corresponds to 
a number and a spacing of the sample diffraction signals; 

(b) : determining a cost distribution associated with the determined sample 
index; 

and 

(c) : adjusting the sample index when the determined cost distribution does 
not meet a cost criterion. 
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Claim 29 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Balasubramanian et al. (US 2004/0017575, FILING-DATE: 03/25/2003) in 

view of Doddi et al. (US 6,591 ,405 FILING-DATE: 1 1/28/2000). 

In regards to Claim 29, Balasubramanian et al. teach: 

(a): (Note: with Claim 29(a), applicants claim a sample index which is part 

of the first step of data mining technique based on clustering and/or 

correlation). 

More specifically, the applicants' sample index is based on clustering by 
partitioning which is a data mining technique where the sample diffraction 
signals are further arranged (partitioned) based on a number of diffraction 
signals and their spacing ). 

Balasubramanian et al. teach a data mining technique based on 
clustering and correlation: [0067]; lines 6-12 and Figure 3. Continuing, 
representatives of each cluster or group of highly correlated measured 
diffraction signals are identified and selected for use in the profile model 
(hypothetical profile) building process: [0067]; lines 16-19. 
(Note: Clustering is inherently involving grouping data points (measured 
diffraction signals in our case) based on the number and spacing among 
them. The spacing is defined as the geometric distance in the 
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multidimensional space, that is, the Euclidean distance. An optimization 
joining algorithm (grouping rule) is then used to group the data points 
together in a cluster based on a criterion set apriori). 
In element (a) Balasubramanian et al. lack to define a sample index 
associated with number and spacing of the sample diffraction signals. 
Doddi et al. teach a clustering method and optimization algorithm that uses 
an integer value K associated with the number of data points (measured 
diffraction values) which have been grouped in clusters and the spacing of 
the data points: column 9; lines 4-10 and column 10; lines 8-60. 
Since both Balasubramanian et al. and Doddi et al. teach a 
selection/reduction technique based on clustering, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made 
to have used the integer value K of Doddi et al. which is equivalent to the 
sample index of the Applicants, in Balasubramanian et al. with the 
motivation to be used in the optimization process of selecting the minimum 
number of measured diffraction signals that would be sufficient to build the 
library of the hypothetical profiles and their corresponding simulated 
diffraction signals with a target error (variably set) depending on specific 
requirements. 



A 
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(b) : Balasubramanian et al. further teach: the cost function as the data 
mining (selection) and the cost value associated with the cost function as 
the criterion to test whether sufficient data about the structure is available 
to perform the model and parameter selection in [0065]; lines 1-18 and the 
associated iterative process shown in Figure 3. Since the cost function is a 
density function, it (the density function) is inherently related to its 
distribution function. 

(Note: The cost function is used to estimate the posterior probability density 
function of the unknown variables of a model. The cost function is 
the misfit (corresponding to an error) between the approximation and the 
actual posterior. The goal is to make the error zero (ideal case) but in 
practice, to lower the error to an acceptable value depending on the 
application the accuracy and the speed required for processing the data. 
The above acceptable value of the cost function is the applicants' cost 
criterion ). 

(c) : the data gathering criterion (cost function value) may be adjusted if 
found to be set incorrect: [0070]; lines 1-18 and steps 470 and 480 in 
Figure 3. 
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Any inquiry concerning this communication or earlier communications 
from the examiner should be directed to Anastasios Tzathas whose 
telephone number is (571) 270-1617. The examiner can normally be 
reached on MON-TH, 7:30 to 5:00, alternate FRI, EST. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Steven Loke can be reached on (571) 272-1657. 
The fax phone number for the organization where this application or 
proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained 
from the Patent Application Information Retrieval (PAIR) system. Status 
information for published applications may be obtained from either Private 
PAIR or Public PAIR. Status information for unpublished applications is 
available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on 
access to the Private PAIR system, contact the Electronic Business Center 
(EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272- 
1000. 
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